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I^-TSDS'JOTIOS 

Th« el«roi»va alectyvnios trjul 4Msnt itiring 

iorld t«r II raternad thm ar/aUl raetifiar to & plao« of pro*in«no* 
In U*« flald of alastroAlca. Ifcor* i« at preaant ro o •porent In 
tha davalopsani at»$« t^t will lasson tho orjf«tal rajclflar'a 
l«iK>rtansa. 

Many tyj?a« i^f arystal raatiflara hav# be<e\ davelopad in 
tba past ten years. aon# t-a high aanaltlvityi low burnout 

la prabaoly the »oat witlely need. Though oaad primarily a« 
a sixer orystali it is also oaad aa a low-laval datastor with good 
raaults. Wowavar, a aaarch for apaolfJj Inforaatlon in tne Io«~leval 
v'dao <3bara«tariatica revaalad vary little oaaabla in orsation. 

In this paper a auBaary of the #of»aral theory of loir-laTal 
Tidao cryatala la givan, fojulowed by tna ex’eriaantal dateralratlon 
of tfca low-laval vidao sharastariatloa for tha crystal. T.ha 

axparieental raaulta are aonaarlaadf and racoKa«niatl‘*>ns os is tha 
propar «aa of tl<»aa aryatala in voltxga and power a»>(;>lification 
units ara «lvan. 
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OOTLISS ‘f TSS08T 0? CftlSTAt RSCT2?ia»S 

Tfa» S«rriT->LaT«r R«<itiflcatiQn i^rlnoiglo (2» ?7» »trf S)* 

k orjrstAl r*otiri#r unit i# »bowtk In 1. 

Flj«r* 2 givM eomr#fttlonAl polarity of ery»t»X c«rtrid«»». 
tlMi wit d«p«irf» for iU on th» olaotrlaal obwastariatlc* 

of tba sMtioondnotor. 

A foolosndootor l8 a aabaUnoa urblcb offera law Upadanoa 
to tba flow of ourrant in on# dlrastion and high iapadantjo to tba 
flow of ourrant In tha oppoalta diraoilon. Saotlfloatlon raaulia 
froa tha praaancOf In tha oaaiooadootor adjaoani to tha aatal 
oblakar oontaot, of a potantlal t>arrler or hill which currant 
oarrlaraf alactrona or tMloOf auat oTorooaa In ojrdar to flow aoroaa 
tha aataloaaalaooduotor Sanction. Tha low lapadanoa dl root ion la 
that la whlah tha aurlara flow froa tha aaaiocnduetor to tha aatal 
whiaker. 

If a valtaga la appliad to tha raatlflar In tha law 
lapadanoa or forward dlreotioe it tacda to radusa tha potantlal 
h«rriar and thwa laaar tha aryatal iapadanaa* If a Yoltaga la 
appliad in tha rararaa dlraatlaa it tar»la to Inoraasa the barriar 
layer and thwa Inoraaaa tha lapadanoa ta surrant flow. A typical 
Yoltaga*OYrrant oorYa raanlting froa thia action la abown in 
Flgta^ 3. 



a Parantbaalaad nuabara rafar to tha bibliography 
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Th» Gryntal 4t$ » 5%mitr»-Uwf otor (I, 2) 

dttvio«8 d«p«nd for tholr oportiiOM on a non- 
linaarlty af thalr ▼oXtaga«*«tjTTant charaotarlatloa* A d»t««t4Mr la 
eaXl*4 a a^»ara»Xav dataotor ahan its TsXtaga^om'ant eharaaiarlatio 
at tha oparatln£ point san Imi approxiauktad by a parabola. 

Tha ootpot of tba aquara«>Xaa dafcactor aliX ba ooapoaad af 
a d-o caaponant aod an eoatponant proportional to tba aqwu*a of 
tha iopot aoXtasa for aasa fro<}sanoy aoaiponant of tha input plot 
tha »m and dlffaranoa freQoanclas of ayar/ poasibla ooablnatlon 
of fraqoanoiaa in tha Inptit alipal. Tbo lUMinlttida of tha a-a 
oo:tponant In tha output alXl ba prop>^tlonaX to tha aaoond darlvatiya 
of Um oharaotarisiis surra at tba oparating point. ilaxlauM autput 
will ba obtalnod «aan the oparailnc point la tha point of tcaxinwa 
aurvatura of tha voXtacaoCurrant oharactoriatXo otarra. Tha eparatliic 
point My ha adJusVad by naana of tha blaa voltage. 

Tha iUjalvalant ilirctdt (S, 5* and 6) 

Tha ganaralXy aosaptad aquivalant oircuit of tha oryatal 
raatlflar la atioao in Figure 1, Thl« ia tha sl»pXaat poaiiibXa forn 
and ia taaad on the aaeitaption that tha wblakar leakaa slngla^polnt 
Qoniaot with tha aillcon oanioonduoior. 

Tha oarriar rasioixnoa ft ia norwlinaar. It daoraaaaa 
with applioation of forward bias* and In^raaaas with ravaraa blaa. 

Tha apraadlng raalatanca r ia the reals tanoa of tha 
aaalasndaator-eataX oonta>:t, ard ia oausad by the aonstrlotion of 
oorrant flow Xlnaa in tha aeasioonductor near tha whisker asntaat 
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point. If th« contact i« 9onsi€«r«4 to ^ oSrcuIar (@), r i« 
flvaa l»7 



r = 



!_ 

^(Tcc 



(otwj) 



( 1 ) 



vsara o~ ia th* tMloan^octor oonitjotlvlty in «ekS a 

1» th« ra^loi ot aontaet in eontlMtor«.» 

7)m non-Unaar birrlar fN^MMltance G 1« a iraavlt of tha 
atoraga of obarga In tiMi oounoary layar. Tba valoa of C at taro 
Oiae ia approxiaataly IP aioroalcrofarad. It ia ralatlaaly 
IndNipandant of varlatiotia in appliad voitaga (fl). it high 
fraqcanolaa C aota aa a by-pMS ta H, At ai4ao fraqtamcVaa C 
play# no lapartant part in Ua raatifiaation phanoaanon. 

than a aryatal ia oparatlt«g aa a a<|uara»laa dataatar It 
ia aonvanlant to rapraaatit it aa a four taminal naiaork In whiete 
tha ridaa ani dcraasaa Umlnals ara oonaldarad iaolatai fro& a«:h 
atbar (7). Siiiea tha aiarswava *E}tr&y sovrcc la not affactai by tba 
output load* it la pctilbla ta rapraaont tna eryatal aa a Toltaga 
ganarator of outfmat ▼oltago i^partional to tba input poaar* and 
an iataraal raalvataoca of - * ■+'»*• 'fbla la a^oan la Flgura 5. 

ani ara obrloualy both fuEtciiang of oryataX blaa* and thaa 
thla valtaca gaiiarator oonoapt la goad only for tha bias apaolflad* 
Tha load la aonwiatad aa ahotm in tha flgara. 



♦ faa Appanllx C of (2) for tba aproadJn-. roalatanco of an 
alliptloaX aontast. (t) diaoaaaaa tha knifa adga contact of tha 
Brltlah ’’Had Dot" oryatal. 
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iiropertl— 

Tnm It it is ssea th«t output lapodsnM of 

\.h» ar/s t&l la 



Z = r-f- 
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jk 



(ohMS) 



At vi 4 stt I’rsqusnolMi thmJujC%mrm is smII eospsrsd ts ^ 



( 2 ) 

Tiras 



iiM ▼i^so iapsdsnos bsopsss s purs rssist&nwts sn4 Is i{ivsn by 



2 = /^ = /^-t- 



(ohas) (3) 



tlM cvsrrsni ssnsitlvlty of s arygUil y 3 is (isfinsd as ths 
rails of tbs short slrouit rsotlflsd currant to ths ahsorhsd 
aisrovavs po var* 



/3 = 



xCj 



{aiarosupdraa) 

iaicrowatt)" 



(I*) 



@«riiHEar ( 7 )> ani tawaoo at al (ili) hava ahown that tha rariatlon of 
^ with bias cay u« axpraaaad as 



A - < 5 ) 

/?v- r 

ahsps R, r, and C ara as praaiovsl; dafinad, and is tha currant 
sartaltivli/ at tare bias. 

The or/stal daiactor la a ooisa sanarator as aall as a 
alcroaava aanaartar. Sarinir*^r ( 7 ) has darlvad an oxpraaaion for 
tbs autpat sicnaX-ta-nolsa uoltasa ratio of a crystal-aldao raoaiasr 
In abioh ha daflnaa a ({jantity eallai the fiisure of ferlt, S, 
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Th« output volt*g* ratio la giYon fey 

^Es (6) 

^ ' y4JTB7^JT^) 

signal Toltaga outpat 
tolaa Tolto^ra output 

SqulTalant nolaa raaiatanea of tii9 ra^salvar, set fey <118 
apeelflcationa at I, ZOO ohaa. 
k loltaaann*a eonatant* l.Jd x lO**' Jioolea/^X 
T Teaperature of *111 In dasreea Xelvin 
H Hois# feao<leldth ef recolvei* in epa. 
t Crystal nelae tM^rature* 

Tram liquation 6 ail tfea crystal par^wtera are luap 9 d togettier fey 
BerSnger and called toe Figure of fe4u>lt« 



« • (?) 

llZft -h!?^ 

£«ltb (?$) has shown that t la apprexleately equal to 1.0 within 
the felaa rerloa ueeS in the following OKperisenta. The Yalee of 
1.0 will fee ueed tnreugbeut the paper. 

rroa ■•Quaiior 6 It le aeen that for a given reoelver 
operating at a oonatant teeperatxaref ar4 for a specified signsl-to* 
noise voltage output ratio, E is Invereely proportional to f. 

M» ■— W 



» 9f deflnltloB t is tlM ratio ef the availafele noise power output 
of the erystsi to that of a resistor at roon tenperaiure. though 
It is not a tsaperatrr*#, the tens *noise toaperatura" le eoaaonly 
aocepted and widely used. 
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In figuiHi 6 io •t)K3»n « block dlagriw of tho i«*t 

•qulpAont. 

Tb« *iorow*'»« generator !• a calibrated output TS»13/A?» 
operated equare-waee sodulated. 

The audio aepU fier i« a high gain, wide and narrofr band 
TAA-l6SAa. It »aa operated narrow band and aaplifSed only the 
fendawental of the crystal output pulee. The input transfereer wae 
by^paeeed, and the output fro* the crystal loading circuit placed 
on the input gain control . Thle input circuit arrangesient gare an 
Input lapedance to the eeplifler of 0,5 aegoha*. The 6R6 output 
rectifier tube was re«K>ved arid the elgnal noraaXly applied to its 
plate vas eeasured by the Sevlett-Tackard kodel hOOl Toltaeter, 

In deterairation of tl» Figure of kerit t!ie TAA-I 6 SA 
vas replaced by a Ballantine velteeter Vodal 300 whose input 
reeietonce le 0,5 eagohas. Also a DuVont kodel 20S»S oeollloeoope 
vaa used as an output Indioator in place of the Re«lett*Packard 
▼ol tee ter. 

The circuit ueod to bias and Xoai toe crystal le ehovn in 
detail in figura 7, To keep noise plck»up to e ainiaua it vas 
necessery to place all components enclesed by the dashed line in 
figure 7 marked chaseie in a completely eneloaed metal chaseie. 



• A cireuit diagram of this piece of equipment eay be found in 
”Technlque of Kicrowave IKeaeurements^, llontgomery, SoT<ra»-Hlll 

Book Company, p 501, 
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7)m l«ad r««istAm« » built-in tblAld «od msa uonrwoi»<i te 

ih* Mtikl b/ • eo«ci«l o»iA«. 8j^ iwu* « nc!’-tn4untlT*ly 

wound d««Ad« rowisinr^to box with a kaxIsvw rotlxtAKOo of 100,000 olaM. 
Th* siorowAYO {)Owr iw> c*rrl«d frow tho T.VI3/AP by »s«am oI* 

•txndttrd 3 bund wnrogulclo * vAri«bI«-tunod 3 c« band oryatal 
bdldor wountad on ttwi aid* of th« biaalng circuit ohasals*, Tha 
owi^ut tarwlnal of th« crystal bolder vaa inaid* th* ehaeala. 7ha 
•ffastly* wlerowar* Input tarwinala ar* t’^ovn by to* diagonal lin*a 
in Fifttr* 6. 



* for d*tall*d drawlrg of oryatal bolder **a pag.9 353 of (2) 
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Vf 

T2ST &KD h«si;lts 

Sln^« It it p«o«ibI« to t?v» vidtt eryatal «i A 

Tolt«£A ftntrttor with mn inttrnal r*«lst«PO«» it it tpptritnt that 
MximM powtr transfer to tht lo«4 rttltitntt will o«3«r whww R, 
tqwtlt {sroTldtd rwetltwi contt«nt. tbw dtterwlnttion of tht 
▼trltUon of with |>cwar Itvtl iu%4 hits la btttd on ihit •aximwa 
p«wtr trt'itftr prlncipl*. ?ivw sr^ttala wart thotan at r»n<sk» 
froa the tvtlltolt tappX/ to that a aatsora of the varlatioa to ba 
axpaotad froai Qr^ttal to crystal oeulU bo datarsinad*. All orytiala 
vara of lylvanit datign and aamuftatara* 

Varittlon of i^ryatal Retlttanoa tith t^lgrowava Powtr tAwal 

Tba flrat axparieani wat dtaigntd to dataraira th« Tariatian 
af tjj with variation in tha wlcrowawa pewtr inpwt to tlia erjratal. A 
bias a\:rrant of 10 aioroaaparat wat p«t tivough tha cr/stal and tha 
load variad for a sonstant input powtr of >0db« (daoibalt btlow a 
ailliwatt}* tlM output voltagt thown on tht )?t«lttt-Paokard 
▼oltaattr was raoordtd. Tha abort proetdurt vat rapaatad for input 
power lavalfl of LCklba and It^ba. tha raaults of all thraa powtr 
larala art plotted Ir Klevra 7. 

Ta daterVna It It naoaatary to find ttait ralva of Rj, 
t^ioh aaket tha power transforrud to iht load a aaxlciai* This it 
dost by dstarxiaing tha point at which a lino of eonatant pawtr 
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• for Idantlfioation purpoaat tht cryotala uaad wara atsignad nuabart. 
Thaaa »i»h#ra appaar on tba curvot throt^^hoi-t tha paptr. 
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i* tikS^srst vlutt i«»lre4 3cn?». fh® p int sf tasiSaojr «ili ia* 
at that YilkM «}f f>r tha ^war ia ttv# loai l« a caxlatMft* 

A liR« of aoTsaiaat power i* aisoirn in figura for referenea. ttva 
vortical isark# on aaci. onrve blow tm points of tanjarcy. Rj, at 
thla pol't la eq al to for t -a Mao oyrrent uiei In tha axparinaat* 
froK flgura 8 it i« taara that tha variation of eryatal 
raalstanca ia tjajllrlbla for power Inpot batwaan 0,03 ar«<i 1*0 
ttiorowattf (1.5^091 and 30fl*m)» Tr.o r«*airal«r of the oxpari^kants ha/a 
baan co'ductadi at tha ItCiha level a%d tha results ara conal4ara4 
valid for tha entire iorowatt ration (SlOdOa to 20ib«). 

Variation of Cryetal Reaiatanee aith ^Haa 

Tha enrvea oi ?» 10 and II vara ypialnad for biaai 

eurrante of 0,0, $.0 ansi 10,0 aS^roa^paraa raspactlvaly by varying 
the oryatal load rf^ist&t c« and recording the oetp t voltage aa 
raad on the •nwlett-FacVard v Itewter at const-^nt power ir^at, By 
datnrwinlng tha point of ta'vcncy of tha lino of ooaatar't power, wa 
aan as bafore f**! the value of Rj^. The points of tan^aroy are 
indtoat<ad by »**ort vertical line* on t*’v cur e». The valve of 
ia shown by vertical It' es near the >otto». of the figures, the 
valne being read oc tha Rj^ scale. 

A second «earv /»f d«ter«lnlnv oryatal reals tanc e-bias 
ehareeterlstlcs is t’*fl lalvlc< 'othol. If the open circuited 
volta:?* of '^l’-«re 5 Is fcww«« and is akl^usted to give an output 
voItSige of one half the ©per. alrcuitad voltage, application of 
Tbevanln's Theorea ehowa tnat is etiual to CowputatioRs 
ehow that the aaxiaeM expected error in deternlnetion cf by 
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Load A^£’^/sta/vC£^ //v Jhous of Oh^as 




Load fP£:>i2 tai</c£ //%/ Thoutands q/^ Ohms 
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lO/QO //V Thouj^ajos Qh/^S 
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Thi» n a«tlbo>3 3 p«r39&t ani i* (t-m to trm lr.p t r«<ilat4nc« 

of tr.« Amplifier rot o«:ng Irflnity, o*-b 500,000 oh«* tte« rMuli« 
of tnl« proatdor# ar« tabu)«t«d in ?abIo T. Vslng th'« data th« 
y'rvos for cry*tal4 naabar 3 »irl 5 wnra plott*d «ra «r« •">o»n in 

FigVET* 12. 

Cigrro.nt Carts! tivity 

fro* i^qiyktlon 

^ (9) 



Bafaring to figure 5> it ia aaan tnat. 







1 / 



If 8j^ ia aat equal to *ero in figure $, than. 



( 10 ) 



* 

A* 





(U) 



Kq'.-atlns «l46\Mitlona 9 ar<J 11, a-id a batlttiUrg .fjiietlon 10 for 

civaa. 








( 1 !) 



If !■ ««t .Qtiftl to tf.n 




/c: 



(13) 



R^, for the coniit-ion that equal JSj^, are given 
In Table I. 'Sing ihla data a* ' qiation 13, tfca eurvea in flgura 13 
ware plotted. 4lnoa *jj is not a fu.jot'on of power la^ei n the 
alerowatt region tho canata' t Xl)\ ant* only aa a linear aoala 
factor for Itfn cervaa* 
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yarictton of Crytal 

Cr^t»l OKi*^r*t vijlt«3« »4« lnv«#UH:4tea in thrnt 
1) )>y iht T«ri*tlon ot thn bias eurrsi t sHh ihs lost! oa « parsMlsrt 
?) b/ ths TST^stton <'f bias with the power 3np it to tb« crystal as 
a parameter, tl» lo*J belnr ept fto'^stant at ?,0*0 ohw, 3) by the 
VATietlon of the power ln,-yt with tlse bias being tei;on ee « parasMier. 
The res*3lti of these testa are shown In Fliruree IK, 1$, 16 and 17* 

Variatlo?^ of erystal octp*4t volta*e for different or>*etale 
w»s deterrlred m a of bias. " se ra^ults are shoim In 

Flgssre 18. 

Tariati^n ff Crystal *'owi»r Qatr'-itt 

The dais ‘^Iren In Table I ie fjr the c-vilitlon of saxlasMi 
power trarafer froa t .s crystal t the load, fro* t^is aata (-^)* 

S 

Ju 

WS4 ealaslsted ani fe result'.^# saKlsew power transfer curse la 
sboen In Tlg^ire 19. 
figure of tferlt 

Two setcode were ^ed to deteraine the warJatlon of M 
with bias. The first was b/ scbstltuii It to Ktcuation 1, the data 
awallaaie in Table T anc 'igure 13. The results are given In 
Flrare 70. 

The see 'o4 eethoa was by esperieentaticn based on ttve 
fact that for a fives «lgoal-to-r»ois« voltage catpot ratio U<# 
figure of Serlt le l^iversely proportional to the jpovrer iCi,4ut to the 
<sr/elal (.iee I<5oatio*> 8). To detsmlno v the olaa current wae 
adjusted to the desired val\?e anl the power output of the 75-131? 
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tffitil a *lgeaX-to-Qol*» Tstia^a output ratio of X was 
oba«rva<i on thw osoillosoopa. Tba ioveraw o? this power is Kit. 
fba proaadora was rspsatsd for oias ourrsnts fro* aoro to 100,0 
•ioroaitpsrss, Ti»s rssolts are plotted In ^igwre ?1, 
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AM4USIS Of kt»^LT$ 



(iryotal K— l»t«ns» 

Fl|;ure B th»t th* v*riAtion of ery»t»l rosiaiAneo 

la nsillglola for po««r lysut bataaert 0.03 l.O srioroaatta 

to 30db«}. the raaulta ara oonaidared to be valid atthlr) tha 
slorowalt ration ($0i4b» to ^<ktb«}. 

Flgsraa 9, 10, ll and 12 give tba variation af cryatal 
raaiataaot with biaa. 4t 10 adsroaai^raa tNi valoa of tha raaiatanca 
obtained la aboat 3»000 ohaw, and tha raaulia givan by tha two 
dlffarant aetheda are In goad afraa^a«'t. Crystal rasiatanea 
dateraliMid by tha t«a aathoda at 0.0 and $,0 aicroaaparas biaa 
ourrant ara oat in ayraai^et aa is shorn oy the araraaa valuaa given 
balsa. 



Sias C^urrent 


0.0 


^.0 


(alcroaaperts) 






Crystal resistanae 
( a^r * tan e« rethed) 


X !>,000 


6,( J 00 (ohes) 


Crystal reslstanc# 
(halving watcod) 


10 1 1.00 


' ,600 (ahme) 



the mn8tant-powor-U»a~t&n<iwt «ets«od i» halievad to giva 
«ora adder ts rasvlts. In ■■si g ta# ►olvl'<t aat^'otl, no alloaanaa 
was «aia for tha iooraasa In t^a 60 eyola raise voiiaga davalssad 
by t*!# crystal with ttsa daaraaea In bias balow 10 aicroan ares. 

Abova 10. 0 alaroa*;»arae the 60 cyala nolso voltage was regliglble. 
*hlo* this value the Increase was of the saws order of eagnitode as 
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thAt of t.o ifsr'vaso 9rj«L^l rMist«e is. It i» bsllovrtd th^t 
ttili 60 oyilo »u)i*« insrsase 1« « iryatal ph« o««nofj 

e 4 «»«d by tha ;^r*»a{Ks« in tha cryataX holdar of 60 vjj*clo *a?n*tio 
flalda. Stdoldlrs of ip««nt gavo oo notisoad* <s*ian o in 

tho offoot. 

Tba ahapo of tho curvo In Figaro 1? »ogg«»t» a oonror-law 
variation of as a function of blaa. Tko natnro of into variation 
i« oltarly ao»n by plotting tfe* oorvoo of /igoro X? on log-log 
papor aa hao boon dona in Flgvro 22, ^lno« too aXopft of iho ourvoa 
i« a ooriatant a ovo 10.0 a)orea%poreny 

(U) 

/^C^oc^ 1 ) 

Taking tho lislt a* » 

ciC^O^ ^-1 ^ ( 15 ) 

Co!svart‘>g quatior 15 to natural lofarltfaa ami intat rating, 

Jy> Jr, C 

and 

-C, (n) 



tolaw 10. 0 oloroa-Dporoa bias ourront tr.® oxponont a i* not a 
sonatant but la a function t tb® blaa and qwation 1? take® th« for* 
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Fro» i<jvc.tl.><i th* 3ry*t«l Tilt4a«-ofjrr«nt aharait^rintic 
«Q«r«tlon «ay ism vrltiwn m 

W ^ (19) 

UiO «x^r»rt « is o 'atant abov« 10. C siaroa p#rs« biaa 
o>4rrant a of tha bias l>aloir this valua. 

Currant genaitivlty 

figura 15 a'wwa tisat tha oorvaa of a^rrent aanaitivtty 
M a funelion of bias currant of 1^239 eryiiaXa are parab^^Xic in 
ahapa. ifor aanditlona studiad, tha axlau« is raaahSKi for a bias 
currant of ab? t ftO.O aicrosApert* . this rM^lt Is In agraaaant 
with data taban an athar typas af crystals by •ayarhof, <^arin and 
foogh (21). 
ypliaga )ut'~ut 

rystal voltaga ovt^^t la a funsiian *f tfea losa and 
tha oias at tha raclts of Fl^urss IIj, l6 and I? show. 

fros /Igura lit It la ss«n that as load is In-sraassd 
voltaaa output Incraasas ana the . int of aaxlwua voltaga 
output aoras toward aaro bias. Ifta losue of *asl»xr woltara oftpMt 
la shown in the figoras, Froa this It I® possible to intwrpolala 
tha optinsK -las oondiUona for tha load i* t wnl^h a crystal la 
opar&tlng • 

. iguras 15 mnd 16 s ow t- at tha crystal voltage output 
rarias critically ie tha raoativa bias ragion. A point of »aro 
output Is saan to axlat at approxiaataly nlnus 0.05 aloro«uri>oras 
bias aurraot. ThiS aaro output point is seen to be near the point 
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of infl«otlon of th* d— 3 oorwo giv«n In Fig«r* 3, «a 

•xt»ar4««3 Ti«»w ©f *!'• r.«gatlvt hiilf of Uj« qsry« D*lo<j given in Ftfur# 
23 . "lose tr»j>* 3 tloo of Figure- 23 »!»e« the irfleation I'loinl to be 
«t 4 pproxl**t«ly (slnue 1.0 eioroasiperee. 

In figure 17 the elope of the ourve* show lb*t IM?3B 
<3r/»t»is ere very neerly eq^ere-lsw re-stlflert with? the region 
tested, for tlie 2,000 obs loed weed the eexiews voltaK* output 
ooniltlon ts show?; to be et 30 xloroesperee bi*e current. The 2,000 
oh« lead curve In figures Ih and 2h show a aaxlsue at approxieately 
this saee biae current. 

To i!etet*»ine the validity cf *• e above data for oee with 
wide band aeplifiera the TAA>16£A was replaced by a gallantine 
volteeter and decade amplifier, which hai a band pass of from 30 ope to 
300 Lope, and the Infonaation resented In Figure lli was repeated for 
thla wide band case. Tnc results are s* own in Figure 2li. Cowparison 
of Figures IL anl 2k show that the results of lha wide and narrow 
bMwi cases are in agreeeeot. The iirtejj* scale fa's tor between the 
ordinates f tne two stla of curves a dwe to toe difference In 
aepllfier gain. 

?ro» tie above dir.3‘issitn It la seen that if the crystal 
output Is to be volt^re awpliflad, narrow or wide band, It is 
necessary that the crystal load be aa large as possible, «nd that 
the bias te very near or equal to zero. If It is necessary to 
operate a erystal Into a volta<?e aeplifier whose Input rsaisianc* 
ia below 50,000 oh»s it Is sdvantajieoos to bias the crystal. 
Interpolation f the aaxlsniH voltage output curve in figures lb and 
2b gives the necessary o'.as for the loai to e «ss»4 with tre crystal. 
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Output ?o«gr 

KaxiaiWK eut'P'st po««r Is « fcdPtlPcs of tMi or/s tal oi«« 
as in Bhoim In Fijar* 1^. Tb* Mxiaus output powar bias o'^ndillon 
for all oryntals taatsd is in tb« ra^lcn of 30 »ioroa»p«r»s ola* 
owrrsfit. It is of intorast t<» rtoto tt»at at t<;ls bias t • or;^»tal 
vill &« oparating at a aaar Raslsom aigoaX-to^nolsa Toltaca output 
ratio as vlXI o« shown in tha aaxt aaotloa. Tno slop# of tha 
peaar output carvoa balaw ?0 *i«rp«*para9 irxliaatafl that control 
of tha bias la nacassarj. 

Flguro of >arlt 

Thara is a wSda discrapancj la tl"a “Igura of ^arit as 
uatorelnsil by tha two *#.atP} ]s, esajj-at^tion frc« narrow band data 
and ajcpariaontally for iha wida batri oasa. 

tha narrow barni f if vara of b«rit Turvos (figura ?0) 

It Is saatJ that bast oparation Is to ba ebtainad at about 20 
aioroaaparas btaf «urra.-.t. ihls is raasonaole tiinaa tha currant 
sanaitiylly surra# i»!*ow a similar Iruraasa. It Is to oo pointad 
out that thara *ay hare baon praaant U*e off act >f taa 60 cyola 
nolsa roltai# balow 10 *icroa*j^aras wnloh oould ascoutit for tba 
larga drop in H In tr la raglon. 

In taking tba data for Figura 21, cars was takan to 
Insura that tfaa nbisa obsarrad was not 1. at dua to 60 sjclas. Tha 
&0 oycla nolso voltaca wm nullifiad o/ aaiariaposin^ tha crystal 
output sifnal an tfca 60 oyola noisa output and reading taa aupariaposad 
alf,nal-to~iK>lsa ratio, tbouah tha sero bias aoo<Ution show# & high 
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Flgur* of Vorii tbo crystal »hot;ld not S>* opor«t«d at this point 
tmXsss t)S 0 asipllflcailo!) unit Is capabis of rsjsctlng tbs 60 cycle 
noise sosiXkhsnt and all Its bareonics. 

If itte ^ eycle noise v^lta^e can be sllainstsd then 
crystal rectifiers can be operated at »ero bias in sonjenotlon 
with woltage amplifiers to give excellent signal- to^nolse voltai;# 
eutpat charaiteristlos. f-tmtSTer, If the 60 cycle noise roltage 
can not be rejected in eoae eanner then the crystal should be 
operated at about 50 alcroasperes blae current for best signal- 
to-noise voltase Gut;>ut ratio. 
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C.-ffC ,C5X0H3 

Th# l©>4 2 ft tft« eryitfcl ar»d th« of ©©pliflaatlon 

cnlt It r««d« detar»in«s Uie bias at w^jich th« crystal aho»ld be 
operated. 

The data eoKplle-l in tnia paper is believed to be 
»r.?flolently ascurale for uee in design of eoits using I»?33 
eryetala an low-level detectors. 

Fortier work is indicated to determine the cause and 
effect f the 60 eyele ncise voltege developed fey ike crystal in 
the aero to 10 alaroaapere bias region. 
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